Introduction: Shoulder pain is a common musculoskeletal complaint in the general population. Bone marrow concentrate (BMC) injections offer promising potential as a minimally invasive approach for treatment of shoulder pain in degenerative disease. In this study, we investigated the clinical outcomes of the BMC injections for treatment of shoulder pain and disability due to osteoarthritis (OA) and rotator cuff tears in a treatment registry population. Methods: A total of 115 shoulders in 102 patients were treated with autologous BMC injections for symptomatic OA at the glenohumeral joint and/or rotator cuff tears. Data were collected for factors potentially influencing outcome, including age, sex, body mass index, and the type of condition treated (ie, OA or rotator cuff tear). Clinical outcomes were assessed serially over time using the disabilities of the arm, shoulder and hand score (DASH), the numeric pain scale (NPS), and a subjective improvement rating scale. Baseline scores were compared to the most recent outcome scores at the time of the analysis and adjusted for demographic differences. We reported comparisons of pre-and post-treatment scores, the differences between osteoarthritis and rotator cuff groups, and the predictive effects on the clinical outcomes. Results: At the most current follow-up assessment after treatment, the average DASH score decreased (improved) from 36.1 to 17.1 (P,0.001) and the average numeric pain scale value decreased (improved) from 4.3 to 2.4 (P,0.001). These changes were associated with an average subjective improvement of 48.8%. No differences were observed between outcomes among the shoulders treated for OA versus rotator cuff tears, nor did age, sex, or body mass index influence pain or functional outcomes. There were no significant treatment-related adverse events reported. Discussion: We observed preliminarily encouraging results following BMC injections for shoulder OA and rotator cuff tears. These results serve as basis for the design of an adequately powered randomized controlled trial.
Introduction
Shoulder pain is the third most common musculoskeletal disorder observed in the primary care setting, after back and neck pain. 1, 2 Estimates of the point prevalence of shoulder pain in adults range from 7% to 27% in the population under the age of 70 and from 13% to 26% in adults 70 years and over. 3 The lifetime prevalence of painful shoulder disorders is 10% in the United States, with an annual incidence of 15 new cases per 1,000 in the at-risk population. 4 The insidious (ie, non-traumatic) onset of
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centeno et al shoulder pain is attributed to various degenerative and inflammatory processes, including disorders of the rotator cuff, adhesive capsulitis, and glenohumeral osteoarthritis (OA). 5 In patients .70 years, the most common diagnosis associated with shoulder pain is a rotator cuff derangement. 6 Persistent inflammatory and degenerative conditions are responsible for recurrent or chronic shoulder pain in 40% of patients, and disability associated with chronic shoulder pain significantly impacts the economy in the form of decreased productivity and health care costs. 4, 7, 8 Arthroscopic surgery is a common approach for treating shoulder pain, and from 1996 to 2006, the number of these procedures increased by 600%, including an overall 115% increase in the number of rotator cuff repairs. 9 Arthroscopic surgery is technically challenging and complications or residual impairment related to the procedure, including stiffness, implant failure, nerve injury, and adhesive capsulitis, are estimated to range between 5.8% and 9.5%. 10, 11 It is estimated that recurrent defects occur in a very high proportion of cases, post-surgically. 12, 13 As an alternative to surgery, cell-based regenerative therapies, including the use of mesenchymal stem cells (MSCs), have shown promising results for the treatment of degenerative conditions of joints.
14 MSCs are multipotent stem cells with the ability to differentiate into bone, cartilage, adipose, and muscle cells, and thus provide a means of facilitated tissue repair. 15 Bone marrow is a rich source of MSCs, with the isolation and autologous transplantation of MSCs from bone marrow concentrate (BMC) having the advantage of avoiding immunogenic complications potentially associated with the use of allogeneic cell transplants. 15, 16 The clinical use of MSCs as an adjunct to surgical treatment of shoulder disorders has been described previously in the literature, 17, 18 including a study of 90 rotator cuff arthroscopy cases with a reported 100% positive outcome rate for procedures that used MSC-enriched BMC as an adjunctive therapy to the surgeries, a substantial increase in positive outcomes in comparison with procedures that did not use MSCs. 19 Currently, there are no clinical studies that describe the treatment of painful shoulder conditions with BMC and MSCs alone. The clinical use of BMC injections for treatment of shoulder diseases requires analysis of the effectiveness of this approach. In the present study, we report on the symptomatic and functional outcomes for patients with painful shoulder disorders who were treated with BMC injections. As part of the analysis, we examined the impact of age, sex, and body mass index (BMI) on the reported outcomes.
Methods
study participants and data collection
Patients were selected from a treatment registry designed to track the safety and efficacy of patients presenting to a network of 13 clinics providing treatment of joint disorders using autologous stem cells, BMC, or platelet-rich plasma (PRP). The registry was designed as an ongoing prospective survey system, using an automated questionnaire generated at 1 month, 3 months, 6 months, and 12 months and then annually post treatment, via an electronic database system using ClinCapture software (Clinovo Clinical Data Solutions, Sunnyvale, CA, USA; http://www.clinovo.com/clincapture). Baseline data are entered by registry staff who are also tasked with telephonic follow-up of patients who fail to respond to the electronic survey.
In the present study, patients with presenting symptoms of shoulder pain who were subsequently diagnosed with glenohumeral OA and/or partial or full-thickness rotator cuff tears were culled from the registry. Shoulder pathology was assessed by magnetic resonance imaging (MRI) and supported by findings from physical examination. All the patients included in the study had failed conservative therapies, such as physical therapy, medications, and test of time. Patients with less than a 3-month follow-up or a rotator cuff tear greater than 1.5 cm and evidence of retraction were excluded.
Procedure description
Patients were restricted from using corticosteroids and nonsteroidal anti-inflammatory drugs (NSAIDs) for 2 weeks preceding the procedure. This restriction was placed based on in vitro research revealing that corticosteroids and NSAIDs can have an inhibitory effect on MSCs. 20 To prompt a brief inflammatory response before receiving the BMC, patients were pre-injected with a hypertonic dextrose solution into the joint structures. 21 Ultrasound or fluoroscopy was used to guide intra-articular or rotator cuff tear needle placement. When fluoroscopy was used to confirm intra-articular needle placement, iodixanol (Visipaque, NDC# 0407-2223-06) radiographic contrast agent was injected followed by a second injection of 3-5 mL of 12.5% dextrose (NDC# 0409-6648-02) and 0.1% lidocaine (NDC# 0409-4276-02) or 0.25% ropivicaine (NDC# 63323-286-23) in normal saline (NDC# 0409-4888-50). Two to five days after the pre-injection, again using ultrasound or fluoroscopic guidance, 10-15 mL of bone marrow aspirate per 
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Treatment of rotator cuff tears and shoulder osteoarthritis bone site was collected from the patients' posterior superior iliac crest (total 60-90 mL) into heparinized syringes. For each 1 mL of whole bone marrow aspirate collected, 1,000 units of heparin (NDC# 25021-403-01 and 25021-404-01) was added and the cell suspension was serially centrifuged, following which 1-3 mL of coagulated plasma containing white blood cells (termed buffy coat or the middle layer of the centrifuged bone marrow aspirate) was collected by manual serological pipetting. In addition to BMC isolation, 60 mL of intravenous blood was drawn for the isolation of PRP and platelet lysate (PL). These platelet products were used due to numerous studies demonstrating that the growth factors they contain can cause MSC proliferation. 22 PRP was prepared by low-speed centrifugation (200× g) to separate plasma and buffy coat layers from red blood cells and stored at -20°C. Subsequent PL was isolated by recentrifugation of PRP. All cell preparations were performed in sterile conditions under an ISO-5 class laminar flow cabinet located in an ISO-7 class clean room. The BMC injectate, containing PRP and PL, was transported via sterile means back to the operating room, where it was injected into the intra-articular structure and/or the rotator cuff tear under fluoroscopy or ultrasound guidance.
Predictive factors
Predictive factors examined in the study were age, BMI, sex, and type of the joint disease (ie, OA or rotator cuff tear). Rotator cuff tears were defined as including damage to the supraspinatus, infraspinatus, subscapularis, teres major, or teres minor tendons/muscles. Joints that had rotator cuff disorder associated with OA were classified in the rotator cuff group as the predominant cause of symptoms.
cell count data
Cell count represents the total number of nucleated cells aspirated from the bone marrow and injected into the shoulder joint. Cell count data were accessed from a laboratory database (Centeno Schultz Clinic, Broomfield, CO, USA). Data were available for only one clinic. For cell counting, 5 µL samples were obtained and red blood cells were lysed in 995 µL of sterile distilled water (Thermo Fisher Scientific, Waltham, MA, USA). The number of cells was then manually counted for four times under a microscope (National Optical, Schertz, TX, USA) using a hemocytometer (Reichert Bright-Line; Hausser Scientific, Horsham, PA, USA). The average of the four counts was calculated. The cell count was obtained by multiplying the dilution factor, volume of the hemocytometer, and final volume of the sample.
Outcomes
The outcomes of interest were the disabilities of the arm, shoulder and hand (DASH) numeric pain scale (NPS) and the subjective improvement rating score as reported by the patient. The DASH is a validated functional scale that measures the disability of shoulder and upper extremities. 23 The DASH score is derived from answers to 30 questions assessing various aspects of daily and recreational activities, in addition to specific symptoms, including pain, tingling, stiffness, and weakness; 24 and ranges from 0 (no disability) to 100 (most severe disability). 23 Pain severity was assessed using the NPS, a one-item questionnaire with eleven scoring levels ranging from 0 (no pain) to 10 (most severe pain). The NPS scale is a valid means of assessing various types of pain. 25, 26 The minimal clinically important difference (MCID) was defined by 2-point reduction in the NPS score and 10-point reduction in the DASH score. 23, 26 For the subjective percentage improvement rating metric, patients were asked: "Compared to your condition prior to the procedure, what percent difference have you seen in your condition?" The response range was from -100% (significantly worsened) to 100% (significantly improved), with zero indicating no change.
For each outcome metric, the baseline score was compared with the most recent score of 3 months or more months duration post treatment.
In order to track adverse events, patients were asked the following questions: "Did you experience any complications you believe may be due to the procedure (ie, infection, illness, etc)? If yes, please explain" and "Have you been diagnosed with any new illness since the procedure? If yes, please explain."
statistical analyses
Pre-treatment (baseline) and most recent post-treatment clinical scores were reported using the means and standard deviations. The differences between the two scores were then examined using the Wilcoxon signed-rank test for dependent groups. The outcome differences (changes in the clinical scores) between OA and rotator cuff disorders were analyzed using the Wilcoxon rank sum test. Outcome analysis was performed on the most recent post-treatment clinical score, using the method of last observations carried forward. Analysis of outcome scores at each time-point was not plausible in the current study due to the magnitude of missing data. We also examined the frequency and proportion of joints that achieved the MCID (responders to treatment) and joints that failed to achieve the MCID for the DASH and NPS scales (non-responders to treatment). Wilcoxon rank sum and Fisher exact tests were applied to test the demographical differences (age, BMI, and sex) between responders and non-responders.
Linear regression analysis was used to examine the effect of predictive variables on the symptomatic and functional outcomes. First, models were constructed to examine the effect of baseline score, disease type, age, BMI, and sex on outcomes. Second, models were also constructed to examine the effect of cell count in addition to other covariates.
Responding to questionnaires (follow-up surveys) was analyzed. Responder bias was assessed by examining differences between baseline values for the non-responders versus the responders using logistic regression analysis. The analysis was adjusted for age, sex, and BMI.
SAS software version 9.4 was used for all analyses. 27 The post hoc power analysis described in the discussion was performed using G*Power 3.1 software.
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Results
During the period of September 2010 through January 2014, there were 115 shoulder joints in 102 patients meeting the inclusion criteria who were treated with same-day BMC injection procedures. Among the 115 shoulders, there were 81 (70.4%) diagnosed with a rotator cuff tear and 34 (29.6%) diagnosed with OA alone. See Table 1 for the demographic characteristics of the groups. DASH scores decreased by an average of 52.6%, from 36.1 at baseline to 17.1 at final follow-up (P,0.001). NPS decreased by 44.2%, from 4.3 to 3.4 (P,0.001). The average self-rated improvement was 48.8% compared to baseline ( Table 2 ). The reduction in disability and pain was observed starting at the first month post treatment; mean DASH and NPS scores were 18.5 and 2.6, respectively (number of observations [Ns] =25 for DASH; 30 for NPS). Improvement continued up to 2 years after treatment with means of 3.3 and 1.5 for DASH and NPS scales, respectively (Ns =3 for DASH; 8 for NPS). The follow-up scores (last observations carried forward) for DASH and NPS were available for 40 and 55 joints, respectively. A total of 32 joints (58.2%) achieved the MCID on the NPS scale (2 points reduction) and 26 joints (65%) achieved the MCID on the DASH scale (10 points reduction). Demographical analysis showed that responders to treatment on the DASH scale (ie, joints achieving the MCID) were younger (mean age =56.1 years) and had higher female proportion (46.2%); non-responders (joints failing to achieve the MCID) were 7.1% female and 65.3 years old in average (P-values =0.025 and 0.015 for age and sex comparisons, respectively). Regarding the NPS scale, there were no demographical differences between responders to treatment and non-responders.
There were no differences in outcomes between the OA and rotator cuff groups in either the univariate (Table 3) or multivariate analysis (Table 4) . Age, BMI, and disease type did not demonstrate a measurable effect on the functional (DASH) and pain (NPS) outcomes in the linear regression model (Table 4) . Although males reported a lower subjective improvement rating score, the effect of sex was not significant on DASH and NPS outcomes. DASH and NPS changes were significantly associated with the respective baseline scores (P-value ,0.001). 
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Treatment of rotator cuff tears and shoulder osteoarthritis (Table 5) showed that the impact of cell count on DASH, NPS, and improvement rating outcomes was not statistically significant.
Five adverse events were reported (4.9% of patients), classified as pain (N=3), cardiac (N=1), and other (N=1). The three pain cases were possibly related to the procedure, and the other two were adjudicated as unlikely to be related to the procedure. There were no serious adverse events reported.
Discussion
Shoulder patients treated with BMC injections demonstrated substantial symptomatic and functional improvement at follow-up. Functional improvements exceeded the minimally important difference defined as a 10-point change on the DASH scale. 23 The 44.2% reduction in pain also exceeded the minimum important difference as defined by 30% decrease on the NPS scale. 26 Improvement in pain and disability was observed at first month post-treatment and continued up to 2 years, which was the latest time-point obtained for the DASH and NPS scales. No serious adverse events were reported after the procedures.
Bone marrow aspirate is a rich source of MSCs, and the treatment effects observed in this study may be related to the regenerative characteristics of these cells. 29 The regenerative capacity of bone marrow-derived MSCs has been demonstrated in several animal studies. 30, 31 These studies have demonstrated that MSC transplantation both repairs damaged tissue and restores function. The use of BMC for the treatment of shoulder conditions has already partly translated to clinical use; in one study of BMC use with rotator cuff surgery, the authors reported reduced retear rates, an indication of improved tendon integrity. 19 The results in the present study are consistent with these results, but the more invasive surgery is absent.
Although age and sex were significantly different between responders to treatment and non-responders (as measured by DASH), the adjusted multivariate analyses showed that age, sex, and BMI did not predict the functional and pain outcomes. Our finding that neither age nor BMI had an impact on outcomes was also consistent with the findings of prior authors reporting on rotator cuff repairs and joint arthroplasty. 32, 33 Our finding that women reported greater subjective improvement ratings compared to males was surprising given that the functional and pain scales did not indicate better outcomes for women. This latter finding is also consistent with the reports from studies of shoulder surgery, in which sex has not been found to predict pain or functional outcome. 34, 35 Two recent studies have shown that joint's functional outcomes can be affected by sex, but it is unclear whether the sex effect is due to biological and/or anatomical differences between males and females or due to confounding factors. 36, 37 Patients with higher disability and pain metrics at baseline experienced the greatest improvements, possibly just an indication of regression to the mean, rather than an indication that the procedure is more successful in patients with more substantial symptoms. The finding that rotator cuff involvement did not affect outcome was consistent with previous reports of the efficacy of biologics and cell-based therapies for such conditions. 19, 38 The effect of stem cell dose variation on the efficacy of musculoskeletal injections is still unclear, and prior reports have been inconsistent. [39] [40] [41] This is probably due to the fact that different methods, sources, cell doses, and types were used for the treatment of orthopedic disease. In this study, the number of nucleated cells within the BMC injection did not significantly impact clinical outcomes. Although we did not find a significant association between the injected cell dose and treatment outcome in this study; we emphasize that these are the results of a small group, and larger population studies are required to further explore the role of cell dose in the treatment of shoulder disease.
Limitations of our study include the subjective nature of the orthopedic scales and the inability to discriminate between subclasses of pathology in the registry data, as the dichotomous classification of either joint OA or rotator cuff does not capture the nuanced differences in disease severity in the group, and thus, there is no way to know why some patients responded better than others.
As a treatment registry study, there was a lack of a control group, which is always a concern with outcome studies. This is less of a concern for the size or even the validity of the effect observed, as the patients all served as their own controls. A larger issue is the fact that a placebo or other effect not related to the cellular/biologic therapy cannot be ruled out as the cause of the observed outcomes, nor can the effect of the BMC be differentiated from the PRP or hypertonic dextrose. As the final outcome values were recorded, an average of 7-11 months after the treatment, a placebo response seems unlikely.
Although we used both PRP and hypertonic dextrose in conjunction with the BMC injections, neither were employed for their curative effects on their own, nor was there reason to believe that either PRP or hypertonic dextrose would have a significant impact on the conditions treated in this study. Clinical studies of the efficacy of PRP injections alone for rotator cuff tears have not demonstrated significant benefit for the therapy. 42, 43 Although there are no studies of PRP for glenohumeral OA, studies of the therapy for the knee have shown either minimal or temporary benefit. 44 Likewise, we were unable to find any publications, including animal models, indicating that dextrose alone can produce a healing effect of muscular or tendon injuries. 45 There is additional concern regarding missing data and the possibility of the non-response bias. In the multivariate analyses, younger age and higher BMI were associated with non-response to the subjective improvement rating questionnaire, although non-response was not related to the severity of condition determined by baseline scores.
Despite these limitations, these study results are encouraging and portend what are potentially significant clinical implications. If indeed BMC injections can act as an intermediary treatment between non-invasive conservative care and rotator cuff surgery or joint arthroplasty, there is a large population of patients who could benefit. Our findings warrant further investigation with randomized and placebocontrolled studies, with long-term follow-up.
Conclusion
The use of BMC to treat symptomatic rotator cuff tears and glenohumeral OA is promising, and in an uncontrolled treatment registry population, effective at both reducing pain and improving function. Randomized clinical trials are required to confirm the efficacy of BMC injections for treatment of shoulder OA and rotator cuff tears.
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